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MULTIPLE PBIST CONTROLLERS 

FIELD OF THE INVENTION 

This invention generally relates to testing of integrated 
circuits and in particular to programmable built-in self testing 
of integrated circuits. 

BACKGROUND OF THE INVENTION 

Testing fabricated integrated circuits to determine proper 
operation has alWays been a dif?cult problem. There are tWo 
major types of errors. A design defect means that the inte 
grated circuit Was manufactured to a design not proper for the 
intended purpose. Such a defect Will effect every integrated 
circuit until the design is changed. The integrated circuit 
manufacturer must detect and correct such defects before 
shipping large number of parts to customers to avoid a costly 
recall. A manufacturing defect involves some fault in the 
manufacture of the integrated circuit that Will affect less than 
all parts manufactured. Such defects are corrected by identi 
?cation and correction of the manufacturing fault. 

Most integrated circuit manufacturers test integrated cir 
cuits for proper function before shipment to customers. With 
the increase in integrated circuit complexity this testing is 
increasingly dif?cult. Many manufacturers rather than rely on 
increasingly expensive external testing devices test integrated 
circuits using a technique called built-in self test (BIST). 
BIST involves using circuits manufactured on the integrated 
circuit to test the integrated circuit. When triggered either 
automatically in circuit operation of by an external test 
device, the BIST circuits produce a set of test conditions run 
on the ordinary circuit hardWare. Comparison of the state of 
the integrated circuit folloWing test to an expected state indi 
cates Whether the integrated circuit passed the test. An 
example of such a test is Writing to a read/Write memory and 
recalling the data Written. A match betWeen the data Written 
and the data read results in passing the test. BIST typically 
involves other more complex tests. 
A subset of BIST is programmable built-in self test 

(pBIST) that uses a general purpose test engine programmed 
by a set of instructions. This set of test instructions is typically 
stored on the integrated circuit in a read only memory (ROM) 
storing test instructions particularly developed for that inte 
grated circuit. pBIST enables re-use of hardWare and test 
instructions to cover a family of similar but not identical 
integrated circuits. 
A description of an exemplary set of instructions for use in 

a pBIST is described in US Patent Application 20070033469 
entitled “ROM-Based Memory Testing” and is incorporated 
by reference herein in its entirety. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention provides a system 
on a single integrated circuit chip (SoC) that includes a plu 
rality of operational circuits to be tested. A plurality of pro 
grammable built-in self-test (pBIST) controllers is connected 
to respective ones of the plurality of operational circuits in a 
manner that alloWs the pBIST controllers to test the respective 
operational circuits in parallel. An interface is connected to 
each of the plurality of pBIST controllers for connection to an 
external tester to facilitate programming of each of the plu 
rality of pBIST controllers by the external tester, such that the 
plurality of pBIST controllers are operable to test the plurality 
of operational circuits in parallel and report the results of the 
parallel tests to the external tester. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

Particular embodiments of the invention Will noW be 
described, by Way of example only, and With reference to the 
accompanying draWings, in Which: 

FIG. 1 is a block diagram of a representative integrated 
circuit including a programmable built-in self test unit that 
embodies aspects of the present invention; 

FIG. 2 is a more detailed block diagram of the exemplary 
programmable built-in self test unit of FIG. 1; 

FIG. 3 is a block diagram of the address generation unit of 
the programmable built-in self test unit of FIG. 2; 

FIG. 4 illustrates the auto-increment feature for reads and 
Writes to the data registers of the programmable built-in test 
unit of FIG. 2; 

FIG. 5 is a block diagram illustrating multiple program 
mable built-in self test controllers of FIG. 2 on one integrated 
circuit; and 

FIG. 6 is a How diagram illustrating programming of the 
multiple pBIST controllers of FIG. 5. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Although the invention ?nds particular application to Digi 
tal Signal Processors (DSPs), implemented, for example, in 
an Application Speci?c Integrated Circuit (ASIC), it also 
?nds application to other forms of processors or digital sys 
tems on a chip. An ASIC may contain one or more megacells 
Which each include custom designed functional circuits com 
bined With pre-designed functional circuits provided by a 
design library. 

FIG. 1 illustrates a representative integrated circuit (IC) 
100 including a programmable built-in self test (pBIST) con 
troller 130. Integrated circuit 100 contains a multi-module 
system on a chip (SoC) and can be quite complex to test due 
to the number of modules that are included on-chip in the 
system. In this embodiment, SoC 100 includes central pro 
cessing unit (CPU) 110 and memories 111, 112 . . . 119 
coupled by bus 120. These circuits are merely representative 
of circuits embodied in an integrated circuit including pBIST 
130. Other embodiments may include multiple processors, 
complex assemblages of memory and cache subsystems, 
peripheral devices and interfaces, various types memory stor 
age such as random access memory (RAM), read only 
memory (ROM) and various types of alterable or ?ash ROMs, 
for example. 
The programmable built-in self test unit includes pBIST 

controller 130, pBIST ROM 131 and external interface 133. 
pBIST controller 130 controls the tests in much the same 
fashion as CPU 110 controls operation of integrated circuit 
100. pBIST unit 130 is controlled by test instructions stored in 
pBIST ROM 131. pBIST unit 130 may couple to circuits 
outside integrated circuit 100 via external interface 133. FIG. 
1 illustrates pBIST unit 130 coupled to CPU 110 and memo 
ries 111, 112 . . . 119 via bus 120. This connection is merely 

illustrative of the type of connection betWeen pBIST unit 130 
and other circuits of integrated circuit 100. 
pBIST controller 130 also includes a scheme for selecting 

a particular pBIST controller Within a group of pBIST con 
trollers by using a pBIST ID (identi?cation) value 132. In this 
embodiment, the pBIST ID value is a ?ve-bit value that 
alloWs selection of up to thirty-one pBIST controllers. The ID 
value for each controller is arranged to be a unique value 
between 1 and 31, (0x0l-0xlF). The ID value 0x00 is 
reserved to indicate a broadcast mode in Which a group of 
pBIST controllers all respond to a same command transac 
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tion. The operation of multiple pBIST controllers in parallel 
Will be described in more detail below. 

FIG. 2 is a more detailed block diagram of an exemplary 
programmable built-in self test unit 130 that embodies 
aspects of the present invention. pBIST unit 130 includes 
pBIST core 210, registers 220, address generator 230, match 
unit 240 and multiple input signature register (MISR) unit 
250. pBIST core 210 is the center of pBIST unit 130. An 
example pBIST is described in US Patent application 2005/ 
0172180 entitled “Programmable Built in Self Test of 
Memory” and is incorporated by reference herein in its 
entirety. pBIST core 210 is coupled to registers 220, pBIST 
ROM 131, external interface 133, address generator 230, 
match unit 240 and MISR unit 250. Interaction of pBIST core 
210 With these circuits Will be further described beloW. 

Registers 220 are memory mapped Within the address 
space of CPU 110 in this embodiment. Thus CPU 110 can 
read from or Write to any register Within registers 220 by a 
memory operation to a corresponding address. Registers 220 
include con?guration registers 221. Con?guration registers 
221 control the con?guration of pBIST unit 130 and the 
operational mode of pBIST unit 130. Data registers 222 store 
test data recalled from pBIST ROM 131 in a manner more 
fully described beloW. Program registers 223 store test pro 
gram instructions recalled from pBIST ROM 131 in a manner 
more fully described beloW. Other registers 224 include mis 
cellaneous registers. Registers 220 includes three registers 
described in detail beloW: ALGO register 225; RINFOL reg 
ister 226; and RINFOU 227. 

The ALGO register 225 is an algorithm mask register. Bit 
[0] of this register indicates Whether the ?rst algorithm stored 
in the ROM Would be executed or not. Bit [1] indicates 
Whether the second algorithm is executed and so on. A total of 
32 algorithms can be stored in the ROM as is determined by 
the data Width of ALGO register 225. For an algorithm to be 
executed, both the corresponding bit of the ALGO register 
and a valid bit in the previous algorithm header must be set. 

The upper and loWer RAM information (RINFOU/L) 
group mask registers RINFOL register 226 and RINFOU 
register 227 are similar to ALGO register 225. RAM group 
mask registers RINFOL register 226 and RINFOU register 
227 indicate Whether a particular RAM group is executed or 
not. This capability is providedbecause not all algorithms can 
be run on all memories. For a particular RAM group to be 
executed, the corresponding bit in RINFOL register 226 or 
RINFOU register 227 and the valid bit in the previous RAM 
group header must both be set. RINFOL register 226 indi 
cates the validity of RAM groups 0 to 31 and RINFOU 
register 227 indicates the validity of RAM groups 32 to 63. 
PBIST ID register 228 is a memory mapped register that is 

loaded With a pBIST ID at the beginning of a programming 
sequence to specify Which of a multiple of pBISt controllers 
is being programmed by an external tester or by the local CPU 
110. Upon being reset, pBIST register assumes a value of 
0x0000. Each pBIST controller is assigned a unique ID value 
132 When the 80C integrated circuit is designed. This may be 
embodied by simply tying off the ?ve-bit ?eld to either a high 
or to a loW reference voltage to form the ?ve-bit ID value. The 
process of programming each pBIST controller Will be 
described in more detail beloW. 

Address generator 230 includes tWo address generators 
used in accessing memory, such as memories 111, 112 . . . 

119. FIG. 3 illustrates a block diagram of one of these address 
generators. Address generator 230 includes address register 
310, adder 311, increment register 312, compare unit 320, 
loop count register 321 and counter 322. In this embodiment 
the initial values of address register 310, increment register 
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4 
312 and loop count register 321 are recalled from pBIST 
ROM 131. Adder 311 is controlled via a control input in one 
of three modes. In a non-increment mode, adder 311 returns 
an address output equal to the recycled value of address 
register 310. The value of address register 310 is thus 
unchanged. In an increment mode, adder 311 adds the values 
stored in address register 310 and increment register 312. The 
sum value is stored in address register 310 for the next itera 
tion. The decrement mode is similar to the increment mode, 
except adder 3 1 1 subtracts the value of increment register 3 12 
from the value of address register 310. The difference value is 
stored in address register 310 for the next iteration. The initial 
value of loop count register 321 sets the number of iterations 
in the loop. Compare unit 320 compares the value of loop 
count register 321 With the value of counter 322. Upon start 
ing a test, counter 322 is reset to Zero. The count of counter 
322 advances by one each cycle of the clock input. Compare 
unit 320 generates a loop end output When these tWo values 
match. 

MISR unit 250 is mainly used for testing other chip-level 
ROMs. HoWever, it can also be used to test any memory using 
any algorithm. When MISR unit 250 is used, the return data 
from the memories is not compared to expected data; instead 
the read data is fed directly into MI SR unit 250. The folloWing 
polynomial is used by MISR unit 250: x32+x22+x2+x+1. The 
tap points are bits 31, 30 and 10. The default value at the 
MI SR output after reset is: 0xAAAAAAAA. At the end of the 
memory test, the MISR signature is compared With the 
expected signature in the data register D1:D0 Within other 
registers 224 to determine Whether the test is passed or failed. 

Cumulative MISR mode is different from the MISR mode 
in tWo Ways. First, the MISR signature comparison With the 
expected signature is done after testing all the memories in a 
particular RAM group and not after each individual memory. 
Second, this mode gives the programmer the capability to 
initially load a background pattern in data registers D1:D0 
and E1 :E0 Within other registers 224 for the memory testing. 
After the memory testing is over, this mode loads a neW value 
into these registers in order to use as expected signature. In 
other Words, the ?rst D1:D0 and E1:E0 values serve as the 
background pattern and the second D1:D0 and E1:E0 values 
serve as the expected signature. Any additional values for 
D1:D0 and E1:E0 Will be ignored. Thus in CMISR mode, 
only the ?rst tWo pairs of D1:D0 and E1:E0 values are used. 

Data logger 260 captures the failure information detected 
by match unit 240 and MISR unit 250 and generates status 
signals “done” and “fail”. An external tester can monitor the 
done and fail status signals to determine When testing is 
completed. The logout bus can be interrogated by an external 
tester in order to determine access the logged error data in 
order to determine What type of error Was detected When a 
failure is indicated. 

A VLCT protocol is used to reduce the time to program 
internal registers in pBIST controller 130 from an external 
very loW cost tester (V LCT). In addition to permitting reads 
of internal registers of pBIST 130 controller this protocol 
enables for better debugging of the 80C IC. 
The protocol includes a command phase and a data phase. 

During the command phase, the VLCT provides a command, 
the address for Which the command is directed and the num 
ber of data cycles that are going to folloW this command 
phase. As an example, assume there are sixteen bits available 
for a program command Word. Table 1 lists a division of these 
sixteen bits for the command phase 
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TABLE 1 

Command phase bits 

[15:14] [13:6] [5:0] 

command address data count 

For Writes, the Write command, Write address and subse 
quent number of data cycles to folloW the command phase are 
driven on a program bus that connects to external interface 

133. For reads, the read command, read address and the 
number of data cycles to Wait for the data to be available are 
driven on this bus. The exact details of the program bus are not 

critical and it may be a serial bus or a parallel bus of various 

Widths, as appropriate for the 80C and test facility. In this 
embodiment, the program bus is a serial bus. 

If a Write is intended, the data-count has a value:1. If 
data-count is 0, then no Write Would happen and the next 
command can be issued in the very next cycle. Address bits 
[12:6] speci?es the Word address to Write to or read from in 
data registers 220 in pBIST unit 130. Bit (13) ofthis address 
is ignored in this embodiment since the number of registers 
does not require it. The command ?eld has the values speci 
?ed in Table 2. 

TABLE 2 

Command values 

command 

00 No operationiNOOP 
01 Write 
10 Read 
1 1 NOOP 

During the data phase, the data that needs to get Written to 
this address is driven on the same program bus. As long as 

data-count from the command phase is one, this bus Will 
continue to carry 16-bit Write data in subsequent cycles. After 
every data phase cycle Where a neW Write data is driven, the 
value in data-count is automatically decremented by one. 
When data-count becomes Zero, then there are no more data 

phase cycles left. The VLCT interface logic 133 Would then 
automatically start monitoring the program bus for neW com 
mands. 

For 32-bit Writes, the data-count needs to be set to a value 
of tWo, and the tWo cycles folloWing the initial command 
phase Will carry this 32-bit data (16 bits per cycle). To illus 
trate this more, consider the folloWing example in Table 3. 

TABLE 3 

command phase example 

0x4002 
Cycle 1: 0x1FBD 
Cycle 2: 0x2A00 

Command phase 
Data phase 

The command 0x4002 Would be interpreted as a command 
Word as shoWn in Table 4. 
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TABLE 4 

command Word mapping 

[15:14] [13:6] [5:0] 

01 00000000 000010 

The command phase in this example implies that the com 
mand is a Write to address hex 00 and that there are 2 cycles of 
data to folloW. So the 32-bit value hex 2A001 FBD Would get 
Written into this address location. 

There is another advantage of doing things this Way. For 
instance, let us assume a 16-deep 32-bit Wide register ?le 
needs to be loaded With data. Following this protocol, this 
entire register ?le canbe Written using just a single command. 
To accomplish this, the programmer should issue the com 
mand hex 4020. This command decodes to indicate that there 
are 32 16-bit data cycles to folloW; tWo for each line of this 
register ?le. In this case, the Write to “0x0000” is automati 
cally detected as a 32-bit Write in hardWare. So after every tWo 
data cycles, as long as data-count stays greater than or equal 
to one, the Word address is incremented by four and the data 
carried in the subsequent tWo cycles Would form the Write 
data for this neWly calculated address. 
Of course, each of these lines in the register ?le could also 

be Written to one after the other by issuing separate com 
mands With data-count equal to tWo for each command. 

For reads, data-count speci?es the number of cycles to Wait 
after a read command is issued. The output data of the register 
addressed by address Will be returned on the read data bus. 

To explain this With an example, assume a read of an 
internal 32-bit register With a value of fourteen in the data 
count ?eld. pBIST unit 130 Will stop monitoring the program 
bus for the next fourteen cycles after the command has been 
issued. The next VLCT command can only be issued on the 
?fteenth cycle. The loWer sixteen bits of the return data from 
this register Would be available on the tWelfth cycle and the 
upper sixteen bits Would be available on the thirteenth cycle. 
The fourteenth cycle is a dead cycle to support the cases 
Where a single input/output bus is used for both program and 
read. In this case, the output enables for this bus could be 
sWitched back to Write mode from read mode during this 
fourteenth cycle. 

To generalize the above, the loWer sixteen bits Will be 
available in data-count-tWo cycle and the upper sixteen bits 
Will be available in data-count-one cycle. The data-count 
cycle is a dead cycle during Which the output enable could be 
sWitched, if needed. 

If a read of an internal sixteen bit register is issued, then the 
return data Will be available in the data-count-tWo cycle just 
like before. This data Will stay the same and Will not sWitch 
during the subsequent tWo cycles. Data-count is six-bits so a 
maximum of 63 Wait cycles can be speci?ed after every read 
command. 
The value to use for data-count depends on the internal 

clock frequency ofpBIST unit 130. In other Words, the exact 
time it takes to get the return data once the read address is 
issued depends entirely upon the internal pBIST clock fre 
quency. The number of cycles to Wait to get the return data 
should be calculated based on the folloWing formula: 

If reading register ?le data, 

D(in lck cycles):6 >“lck+ l (5 *cZkp)/lckmunded 

If reading any other register data, 
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Here tck represents the tester clock period and clkp repre 
sents the internal pBIST clock period. It takes tWo extra 
cycles to read the register ?le data because the access is 
pipelined on both sides of the register ?le due to timing 
considerations. 

The input driver on the program bus can be tri-stated for the 
number of cycles speci?ed in data-count. If the test designer 
speci?es a data-count value of less than ten, then it is effec 
tively treated as ten internal to pBIST. In other Words, the 
minimum data-count value that should be used is ten. 

FIG. 4 illustrates example hardWare used in pBIST unit 
130 to implement this protocol. Pointer 410 is loaded With the 
address from the address ?eld of data received during the 
command phase. The initial data cycle uses this address to 
access the desired location Within data registers 220. FolloW 
ing each data phase, adder 411 adds +1 from register 412 to 
the contents of pointer 410. The sum is stored in pointer 410 
serving as the address for the next data cycle. 

FIG. 5 is a block diagram illustrating multiple program 
mable built-in self test controllers of FIG. 2 on one SoC 
integrated circuit 500. In this exemplary SoC embodiment, 
one processor 510 is illustrated connected to multiple 
memory modules 512-1, 512-11. In other embodiments there 
may be multiple processors connected to selected ones of the 
memory modules, complex assemblages of memory and 
cache subsystems, peripheral devices and interfaces, various 
types memory storage such as random access memory 
(RAM), read only memory (ROM) and various types of alter 
able or ?ash ROMs, for example. 

There are also multiple pBIST controllers 530-1, 530-11 
Which are each similar to or the same as pBIST controller 130 
of FIG. 2. Each pBIST controller 530-11 has an associated 
?ve-bit identi?cation ?eld 532-1, 532-11. The ?ve-bit ID value 
for each controller has a unique value between 1 and 31, 
(0x0l-0xlF). This may be embodied by simply tying off the 
?ve-bit ?eld to either a high or to a loW reference voltage to 
form the ?ve-bit ID value. The ID value 0x00 is reserved to 
indicate a broadcast mode in Which a group of pBIST con 
trollers all respond to a same command transaction. Each 
pBIST controller is connected directly to an associated 
memory module 512-1, 512-11 and can test that module While 
the other pBIST controllers test their associated memory 
modules in parallel. Thus, up to thirty one memory modules 
may be tested in parallel and therefore greatly reduce the test 
time. 

While this embodiment illustrates memory modules being 
tested in parallel, it is to be understood that any type of 
functional module that is amenable to testing by a pBIST 
controller can be connected to a dedicated pBIST controller 
in another embodiment and thereby tested in parallel With 
other functional modules. Similarly, each memory module 
may be comprised of one or more memory blocks intercon 
nected to the pBIST. 

Each pBIST controller contains a pBIST ID register 228 as 
described With reference to FIG. 2 that is a memory mapped 
register that is loaded With a pBIST ID at the beginning of a 
programming sequence to specify Which of the multiple 
pBIST controllers is being programmed by an external tester 
580 via external interface 533 or by the local CPU 510. Upon 
being reset, each pBIST ID register assumes a value of 
0x0000. By default, a value of 0x0000 means broadcast to all 
controllers. Each pBIST ID register is memory mapped to the 
same address, 0x1 84 in this embodiment; therefore, one Write 
operation Will Write the same data value to all of the multiple 
pBIST ID registers Each pBIST controller Will accept com 
mands provided by external tester 580 if the associated pBIST 
register has a value of 0x0000 or if the associated register has 
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8 
a value that equals ID value 132-11 as determined by ID 
compare logic 270 illustrated in FIG. 2; otherWise the pBIST 
controller Will ignore commands that are being sent on the 
program bus. 

Each pBIST controller 530-1, 530-11 also includes a pBIST 
ROM for holding test algorithms. In another embodiment, all 
of the pBIST controllers may have access to a shared pBIST 
ROM. Each pBIST controller contains a set of special func 
tional units of differing types that are each controlled by a 
corresponding part of an alterable set of instructions, such 
that the pBIST is operable to perform a sequence of memory 
test operations according to the alterable set of instructions. 
Each pBIST controller includes data logging circuitry to 
compare data read from the associated RAM With expected 
results that had been Written to the RAM. 

FIG. 6 is a How diagram illustrating programming of the 
multiple pBIST controllers 530-1, 530-11. Initially, all pBIST 
ID registers are initialized at operation 602 to 0x0000 either 
by a reset operation or by Writing a value of 0x0000 to the 
pBIST ID register address. As discussed above, as single 
Write transaction Will load the same data value in all of the 
pBIST ID registers. External tester 580 then Writes 604 the ID 
value of the ?rst one of the multiple pBIST controllers that is 
to be programmed into all of the pBIST ID registers in a single 
Write transaction. For example, if the ?rst pBIST controller to 
be programmed has an ID of 0x01, then 0x01 is Written to all 
of the pBIST ID registers. At this point, noW only the ?rst 
pBIST controller Will accept commands placed on the pro 
gram bus by the external tester. This alloWs all of the pBIST 
controllers to have their registers 220 memory mapped to the 
same set of addresses, but alloWs programming the registers 
of a selected pBIST controller While the other pBIST control 
lers ignore the programming transactions. 
The external tester performs Write operations 606 as 

needed to program the test algorithms that are to be executed 
by the ?rst pBIST controller. This is performed using the 
various commands of the VLCT protocol described above. At 
the completion of programming the ?rst controller, the exter 
nal tester Writes 608 an ID value 0x0000 to all of the pBIST ID 
register in a single Write transaction so that all of the pBIST 
Will monitor the next command. 
A check 610 is made to determine if the last controller has 

been programmed. If not, the process repeats by Writing 612 
the next pBIST ID values to all of the pBIST ID registers and 
then programming 606 the selected pBIST controller as 
described above. For example, if the next controller is the 
second controller, then an ID value of 0x02 Will be Written to 
all of the pBIST ID registers and the second controller Will 
then be programmed. 
Once all of the controllers have been programmed in this 

manner, a data value of 0x000l is Written to the start registers 
in a single Write transaction 614 to start testing. In this man 
ner, each of the pBIST controllers can be programmed indi 
vidually to test the particular functional module to Which each 
controller is directly connected, and then to perform all of the 
testing in parallel in order to reduce test time. This method can 
be used to program one, more than one, or all of the control 
lers on the 80C integrated circuit 500. 

Referring again to FIG. 5, the status signals from each of 
the pBIST controllers are routed to combiner module 540 
Where the status of each pBIST controller is logged. In this 
embodiment, the status signals include fail, and done. Com 
biner module 540 combines each status signal type into a 
composite status signal that re?ects the combined results of 
all of the pBIST controllers. Thus, combiner 540 provides 
composite fail, and done status signals. While the test is 
proceeding, external tester 580 can monitor the composite 
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status signals to determine When testing is done. If a failure is 
detected by one or more of the pBIST controllers, the com 
posite fail status signal Will be asserted. 

In diagnostic mode, external tester 580 can scan out test 
results from all of the pBIST controllers by interrogating the 
logout bus on each pBIST controller. In this embodiment, 
scanning is performed using an IEEE 1149.1 (JTAG) test 
access port (TAP) that is part of external interface 533. JTAG 
TAP embodiments are Well knoWn and do not need further 
description here. In another embodiment, the logout buses 
may be interrogated by an external tester using a parallel bus 
having multiple data bit lines. In this embodiment, each 
pBIST controller provides the information summariZed in 
Table 5 When it is scanned. 

TABLE 5 

scanned logout data from each controller 

[104:100] [99] [98:93] [92:85] [84:80] [79:64] [63:0] 

pBIST Port # Algorithm # RGS RDS FSRA FSRD 
ID# 

The port # identi?es Which port detected a failure. In this 
embodiment, tWo memory access units are provided to alloW 
for dual accesses to the memory being tested. Other embodi 
ments may have only one port or more than tWo ports. 

The RAM Group Select (RGS) value is from a RAM 
grouping address register that has been included Within each 
pBIST in order to support more than 32 RAMs. This extends 
the total number of RAMs that can be tested from 32 to 8192 
RAMs of 32 bits or less. RAMs With data Width larger than 32 
Will be tested as more than one RAM and data logged sepa 
rately. 

The Return Data Select (RDS) value is from the return data 
select register that used for selecting memory return data for 
selected RGS group. Only 5 bits of RDS are used in this 
embodiment for memory select purposes. Eight bits of RGS 
and ?ve bits of RDS give ?exibility to test 8192 RAMs of 32 
bits or less. 

The Fail Status Address Register (FSRA) value is the 
memory address of the ?rst failure. Internally, they are 16 bits 
Wide each, but are Zero ?lled to 32 bits on reads. There are 
sixteen 16-bit Wide datalogger registers in order to capture 
addresses of the failures subsequent to the ?rst failure. These 
are read only registers. The default value of these registers is 
8'h00000000. 

The Fail Status Data Registers (FSRD) value is the failure 
data in case of failures. There is one set of fail status data 
registers for each port. Also, depending on the pBIST con 
troller mode, these registers also hold the return data from the 
memories (IDDQ and EMU modes) or the MISR signature 
(MISR and CMISR modes). 

In addition to these FSRD registers, there are also 16 32-bit 
Wide datalogger registers (or register ?les, depending on the 
particular con?guration) for capturing subsequent failures. 
When the ?rst failure occurs, pBIST controller stalls but 
continues executing the instructions already in the instruction 
pipeline. While the failure data from the ?rst failure is 
scanned out, any further failures are captured into these data 
logger registers. These FSRD registers are read only. The 
default value is 8'hAAAAAAAA. 

With the information scanned from each pBIST controller 
a user of the external tester can identify for each pBIST 
controller What address and Which memory failed. Depend 
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10 
ing on memory type a repair operation may be performed by 
substituting a reserve memory column or roW for a failed 
column or roW. 

As used herein, the terms “applied,” “connected,” and 
“connection” mean electrically connected, including Where 
additional elements may be in the electrical connection path. 
“Associated” means a controlling relationship, such as a 
memory resource that is controlled by an associated port. The 
terms assert, assertion, de-assert, de-assertion, negate and 
negation are used to avoid confusion When dealing With a 
mixture of active high and active loW signals. Assert and 
assertion are used to indicate that a signal is rendered active, 
or logically true. De-assert, de-assertion, negate, and negation 
are used to indicate that a signal is rendered inactive, or 
logically false. 

While the invention has been described With reference to 
illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various other embodiments 
of the invention Will be apparent to persons skilled in the art 
upon reference to this description. For example, in another 
embodiment, more than thirty-one pBIST controllers could 
be supported by increasing the siZe of the pBIST value from 
?ve bits to six or more bits. 

In another embodiment, the capability or operation of the 
pBIST controller could be modi?ed or enhanced to increase 
or decrease the functionality and/ or capability of the control 
ler. 

In various embodiments, the multiple pBIST controllers 
may share a same ROM for holding algorithms, or each 
controller may have a closely associated ROM. 

In another embodiment, the algorithm ROM may be 
replaced or augmented With a Writable RAM memory to 
alloW further programmability. 

In another embodiment, the types of functional units Within 
each pBIST controller may be adapted to alloW better testing 
of a particular type of operational circuit that is directly con 
nected to a particular pBIST. 

In another embodiment, a different type of selection 
mechanism may be employed to alloW each pBIST controller 
to be programmed. For example, each set of control registers 
may be memory mapped at a different set of address. In 
another example, the VLCT protocol may be extended to 
alloW greater addressing ?exibility to alloW commands to be 
Written to explicitly addressed pBIST controllers. Regardless 
of the scheme for programming the pBIST controllers, 
embodiments of multiple pBIST controllers that are operable 
to test multiple logic modules or memory modules in parallel 
are Within the intent of the present invention. 

While embodiments of the invention are intended for use 
With external loW cost testers, there is no reason not to use 
embodiments of the present invention in test facilities that use 
more complex testers. 

It is therefore contemplated that the appended claims Will 
cover any such modi?cations of the embodiments as fall 
Within the true scope and spirit of the invention. 
What is claimed is: 
1. An integrated circuit comprising: 
a plurality of operational circuits to be tested; 
a plurality of programmable built-in self-test (pBIST) con 

trollers connected to respective ones of the plurality of 
operational circuits; 

an interface connected to each of the plurality of pBIST 
controllers for connection to an external tester operable 
to facilitate programming of each of the plurality of 
pBIST controllers by the external tester, such that the 
plurality of pBIST controllers are operable to test the 
plurality of operational circuits in parallel; and 
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status logic connected to the plurality of pBIST controllers 
operable to collect failure status from each of the plural 
ity of pBIST controllers While they operate in parallel. 

2. The integrated circuit of claim 1, Wherein the status logic 
has an output for providing a status signal that indicates if any 
of the plurality of pBIST controllers has detected a failure 
during testing of the plurality of operational circuits. 

3. The integrated circuit of claim 1, Wherein one or more of 
the plurality operational circuits is a Writable random access 
memory (RAM), and Wherein the respective connected 
pBIST controller comprises: 

a plurality of special functional units of differing types 
each controlled by a corresponding part of an alterable 
set of instructions, Wherein the pBIST is operable to 
perform a sequence of memory test operations accord 
ing to the alterable set of instructions; and 

a results logger operable to detect an error by comparing 
data read from at least one RAM With expected results 
and operable to log information to identify the detected 
error. 

4. The integrated circuit of claim 3, Wherein the interface is 
operable to scan out logged error information from the plu 
rality of pBIST controllers. 

5. The integrated circuit of claim 1, Wherein each of the 
plurality of pBIST controllers comprises: 

an identi?cation register coupled to the interface operable 
to receive identi?cation data; 

an identi?cation circuit arranged to provide a unique ID 
value to each pBIST controller; and 

a comparison circuit coupled to the identi?cation register, 
to the identi?cation circuit, and to the interface; the 
comparison circuit operable to alloW programming of 
pBIST controller via the interface only When a value in 
the identi?cation circuit is equal to either a broadcast ID 
value or to the unique ID value. 

6. An integrated circuit comprising: 
a plurality of operational circuits to be tested; 
a plurality of programmable built-in self-test (pBIST) con 

trollers connected to respective ones of the plurality of 
operational circuits, Wherein each pBIST controller is 
operable to perform a sequence of memory test opera 
tions according to an alterable set of instructions, and 
operable to log information to identify a detected error; 

an interface connected to each of the plurality of pBIST 
controllers for connection to an external tester operable 
to facilitate programming of each of the plurality of 
pBIST controllers by the external tester, such that the 
plurality of pBIST controllers are operable to test the 
plurality of operational circuits in parallel; and 

status logic connected to the plurality of pBIST controllers 
operable to collect failure status from each of the plural 
ity of pBIST controllers While they operate in parallel. 
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7. The integrated circuit of claim 6, Wherein the status logic 

has an output for providing a status signal that indicates if any 
of the plurality of pBIST controllers has detected a failure 
during testing of the plurality of operational circuits. 

8. The integrated circuit of claim 7, Wherein each of the 
plurality of pBIST controllers comprises: 

an identi?cation register coupled to the interface operable 
to receive identi?cation data; 

an identi?cation circuit arranged to provide a unique ID 
value to each pBIST controller; and 

a comparison circuit coupled to the identi?cation register, 
to the identi?cation circuit, and to the interface; the 
comparison circuit operable to alloW programming of 
pBIST controller via the interface only When a value in 
the identi?cation circuit is equal to either a broadcast ID 
value or to the unique ID value. 

9. The integrated circuit of claims 6 Wherein the opera 
tional circuits are memory circuits. 

10. The integrated circuit of claim 9, Wherein the interface 
is operable to scan out logged error information from the 
plurality of pBIST controllers. 

11. A method for testing an integrated circuit having a 
plurality of operational circuits, comprising: 

programming a plurality of programmable built-in self-test 
(pBlST) controllers connected to respective ones of the 
plurality of operational circuits via a test interface pro 
vided on the integrated circuit; 

starting the plurality of pBIST controllers after program 
ming such that they perform tests on the operational 
circuits in a parallel manner; 

logging data Within each of the plurality of pBIST control 
lers to identify any detected failures in the operational 
circuits; and 

monitoring the progress and results of the parallel testing 
via the test interface. 

12. The method of claim 11, further comprising scanning 
out logged data from the plurality of pBIST controllers to 
identify a failure upon completion of the parallel testing. 

13. The method of claim 11, Wherein programming com 
prises: 

selecting a ?rst one of the plurality of pBIST controllers by 
sending a single identi?cation value that is received by 
each of the plurality of pBIST controllers; 

programming the ?rst pBIST controller by sending a 
sequence of programming commands that is received by 
the selected ?rst pBIST controller and is ignored by the 
rest of the plurality of pBIST controllers; and 

repeating the operations of selecting and programming 
each pBIST controller until the plurality of pBIST con 
trollers is programmed. 

* * * * * 


